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'ABSTRACT

The physiology of sporulation of Nadsonia fulvescens was

examined. A number of different sporulation and presporulation con-
ditions were studied. -Cells grown in dextrbse reqﬁifed a carbon
source for sporulation, and cells grown in ethanol were able to
sporulate without an available carbon's’ource° The cérbon sources
used by the cells for sporulation were glycerol, deétrose; and
ethénol° The ceils did not use acetate as a'carbontsource'for‘

sporulation. No direct correlation was found between respiratory

quotients and sporulation patterns.



INTRODUCTION

While the ability of yeasts td form spores depen&s upoﬁ the
intrinsic nature of the organisms, fhere are many different conditions
by which sporulationvcan be brought about in aécosporogenous strains.
The use of gypsum block or vegetaBle juiées are among the earliest
methods developed and have aided in taxonomic étudies of yeasts. For
physiological studies éf sporulation, more defined conditions are
required. Conditions‘widely used for such purposes include a suitable
carbon source and buffervin either solid'br‘liquid sporulation media.
Ap example of a medium of this kind described b? Fowell (1952) con-
wmbainsMsodiumwaee@abewandmagarﬁbufﬁefedwatprA7°

In studying sporulation of:Saccharomyces cerevisiae, Milléf,

~ Calvin, and Tremgine (1955) Observed»sporulétion~on a number of
differént sugars. Fructose and mannose'wére.more stimulating than
glucose'or galactose, Dihydroxyacetoneé Whiéh,éid not support active -
growﬁh, did stimulate sporulation'(Milié;!iQS.)or Sporulation on -
acetate,'glucose, ethanol, pyruvaté,.;; 1actaté was inhibited By many .
different amino acids.or-niﬁrogen compoﬁnds (Milier 1963). Sporula-
fion on dihydroxyaceténé.or buffer was lesé'sepsitive to.inhibition
Ey nitfogen compound$. Ammonium sulfété.inhibited»sporulatidn40nly‘

»when«an exogenous carbon source was presentiin the sporulation -

medium.



Results haﬁe shown.that tﬁe kinetics of sporulétion are
depeﬁdent on both sporulétion‘and préspofulation conditioﬁs. With
Qellé.grown in glucose sporulation in medium containing- acetate is
maximum when the cells are harvested from the growéh medium during
the early stationary phase (CroeS‘l967b, Esposito et al. 1969). This
appears to be related to the finding that celis grown in the presence

of glucose are able to rapidly oxidize acetate only if they are
harvested during the late logarithmic Or.stationary phases of growth
(Eaton and Klein 1954). During the early log phase the glucose in
the medium represses the enzymes of the citric-aCid—cyEle——a major
pathway'foévacetate oxidation (Polakis aﬁd Bartly 1965).

| In media containing acétate, sporulation is more rapid and
abundant with cells grown on acetate than with cells grown on«glucoée
1(Roth and Halvorson 1969).

Acetate metabélisﬁ ﬁas been shbwn»to play a major role in
sporogenesis (Espoéito_et al..lv969)° .Acetate~metabolism during
sporulation results in-.an increase in dry-weight'associated with an
increase in'protéin, DNA, and RNA. Acetate—2—14C is incorporétéd
into cells during the ea;ly part of sporulationm. _The label can then
Be found in the macromolecﬁles.of 1_:he'_cells°

The purpose of this research wasAto study thé physiology of

sporulation of the species Nadsonia fulvescens. Nadsonia is

described by Winge and Roberts-(1958)_aé'forming large lemon shaped
cells. Spores are formed inva,pecﬁliar_way,' Heterogamous conjuga—-

tion takes place between a mother. cell -and its smailer daughter cell;



the‘daughter cell nucleus migrates into the larger cell, where

‘nuclear fusion occurs. The resulting éygote moves into a bud which

has formed on the mother cell opposite the point of attaChﬁent'of

" the daﬁghter cell. The bud becomeé the ascus. |
Experiments were desigﬁed to determine the patterns of

sporulation wifh various carbon sourceé available in sporulafion

media. A number of different presporulation conditions were used.



MATERIALS AND METHODS

The basal growth medium contained the bulk elemeﬁts and tréce
elements described by Wickerham (1951). Pyridoxine hydrochloride was
added at a concentration of 400 ug per-litér. Unless otherwise
stated,‘all growth media and cell.suséensions were buffered at pH 6
with 0.05 M potasium phthalate. Stock cultures were maintained on
yeast extrapt—agar—dextroser(YAD) which contained yeast extract, 173

dextrose, 27%Z; KH,PO,, 0.17%; MgSO ~7H20, 0.05%; and agar, 1.57.

2742 4

Cultures were transferred every two weeks and maintained at 5C. Prior
to inoculatiop of growth»media the yeasts were éubcultured for 24
. whoumsuoanADmmédium,k |

Growﬁh media-we%e,inoculated using én initial cell cbncentra—
tion of 5 X 104 pells per mi. Cells were grown in 100 ml batches in
500 ml Erienmyer flasks at an ambient room température of 23C. |
Cultures were aerated by agitation on a 2.5 centimeter stroke‘New
Brunswick rotaryvshaker at 280 revolutions per minute.

Growth was measﬁred by optical density at 540 nm with a
Bausch and Lomb Spectronic 20. Prior to'optical density. readings,
-all cell suspensioné.were sonicated for 10 seconds with a Bronwill»
Biosonic (poWér 25, tune 3) to . eliminate clumping‘effects.-('

Respiration using'éonVEnfiqnal manometric techniques (Umbreit;
Bur;is, and Staﬁffer 1957) was measured in a Gilson Differential |
Respirometef ét'23C-With air as_the gas phase. Res?iroﬁeter flésks :

4



contained:l,Q ml cell susPénsion, pH 6; 0.1 ml 10% KOH; and 0.1 ml
suﬁétrate. | | |

Dry Weiéhts of washed célls were measured in tared aluminum.:
foil cups at 80C fo? 18 hours. Washed cells at an optical density

.of 1.0 ﬁere equivalent to 0.85 mg/ml dry weight.

Ethanol determinations were by the procedure of Feldstein
and Klendshoj as described by Conﬁay (1962).

Dextrose was analyzed by the anthrone method (Umbreit et a15
1957).

Three serial transfers into presporulation media for a totél
of at least 20 éénerations were made before cells were harvested for -
sporulation studies. Cellé were harvested by centrifugatidn using a.
Sorvall RC2-B refrigerated centrifuge at iSOO X g for lOvminutes;
washed twice in phthalate buffer at pH 6, and resuspended in spofula—
tion media at é concentration of 1,5 X 107'c_ells/mlu Ten ml of'tHiS
suspension was placéd in 50 ml Erlenmyer flasks and aerated as -above.
Sporulation media cbnsisted 6f either distilled water or buffer and,
in some cases, a carbon sourée.

Sporulation'was observed unaer phase contrast optics. The.
percent asci was,detérmined by the convention of Croes (1967a)
relative tb the total court ofzcells,-buds, and aséi withva total of
at- least 500 counted in each determination. Sporangia were mnot

counted‘aﬁd were_digtiﬁguished.frbm cells on the basis of reduced

refractility;_



EXPERIMENTAL RESULTS

The growth curve of Nadsonia fulvescens in minimal glucose

medium is showﬁ in Figure 1. The mass doubling time was 90 minutes.
The’stafionary_phase was reached within 30 hours. The cell con-
centration-in the stationary phase was 60 million cells per ml. The'
doubling times in glycerol or ethanol were .14 hours.
Table 1 shows thé results of ethanol determinationsvin

minimal media at dextrose concentrati&ns of 1% ana 0.5%, fespectively°
After 24 hours incubation in iZ dextrose, a total of 70 mg ethanol
were féfmed pér 100 .mlbg,rowth‘mediuma Ethanol’ﬁas ﬁot detected when
:mdexbrosewﬁaSwused‘at a~eoncéntration*of 0.5%. Tbe amount of growth
_Was significantly greéter with the higher concentration of dextrose.
-Anaefobic féfmeptation appears to bé<greater Wifh higher cell con-
centrations.’ Oxygen»demaﬁd is probably greater tﬁan supply at higher

cell concentrations.

- Table 1. Ethanol Production and Growth.

Ethanol ~ Growth,
Carbon Source . - ' (mg/100 ml) _ Optical Density
: : "~ at 24 hr . at 30 hr
1% dextrose - 70 3.0
0.5% dextrose - 0 ' ' 2.4
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Figure 1. Growth Curve of Nadsonia Fulvescens in Minimal
Medium with 0.5% Dextrose.

Growth was measured by optical density at 540 nm.



Dextrose wasrused at a concentration of 0.5% in respiration
and sborulation experiments to prevént the accumulation of éthanol.
Croes (19675) showed that 'yeasts utilize accumulated ethanol auring
the stationary phase. By preventing the accuﬁplation of ethanol;
cells could be characterized as’oxidizing only dextroée° Thus the
complicating effect of secondary metabolism of ethanol on respiration
and sporulation was reduced. Anaerobic fermentation was not studied.

Cells wefe harvested for respiration.stﬁdiéé by centrifuga—
tion, washing twice in buffer and resuspending in buffer at pH 6.
Logarithmic phase cells were harvested at an optical deﬁsity_of 1.0,
and stationary phase cells were harvgsted after 40 hours of growth
at an optical density of 2;,4o |

The respiratory capacity of the cells was determinédv
mandmetrigally by measuring oxygen uptakef The'Q02 Valués given in
Table 2 are micfblitérs of oxygen taken up per milligram dry weight
of cells per hour. The QOZ values given are the maximum rateé
reached within oné hour of exposure to the cafbon source in the
_maﬁometer flasks; In most cases there was no significant lag period
.béforé the maximum.ratés were feached. Hbﬁever, with logarithmic
phase'ceils grown in dextrose tﬁere was a 50. minute lag'period
befqré'ethanol oxidatibn rgached a maxiﬁum’rate, |

Respiration by logarithmic ﬁhase celié diffefed both
quantitatively and quélitaﬁiVely ftoﬁ stationary phase céllsf VRétes
_of»rés?iféﬁign of ‘dextrose or é;han01 were1highef'forilogarithmic'

>‘phaSe»cells, The rate of glycérol féspiratioﬁ'was gréater'with



Table 2. Respiration by Nadsonia Fulvescens

. Growth Carbon in QOZ
Carbon . Respirometer
Source . Age

dextfose log phase dextrose. 79
. glycerol 7

acetate 0

ethanol 63

stationary phase dextrose 6l

- glycerol 12

acetate 17

ethanol - 44

ethanol log phase acetate 31
| ethanol 71

glycerol glycerol 20

log phase
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stationary phase .cells. Acetate was oxidized at a low rate by
stationary phase cells but not at all by logarithmic phase cells. It
is 1ikely that the acefate oxidizing enzymes are rebressed by dextrose
during logarithmic growth. At an dptical density of 1,07there
remained 258 mg dextrose per 100 ml medium. Oniy 23 mg dextrose per
100 ml remained after the early statioﬁary phase was reached
(30 hours). Cells grown in ethanol were able to oxidize either
ethanol or acetate. In general, glycerol oxidation occurred at a low
rate compared to oxidation of dextrose 6r ethanol.

The sporulation-characteristics-Of the cells in sporulation
media Were'determined by counting the percentage of asci at i2'hour
intervals. The results show the lag period before asci were detected,
the rate at which sporogenesis occurs énd'the maximum percentage |
.reached with eéch sporulation condition used. It was found that the
kinetics of sporulation is a function of both sporulation and pre-
"Sporulation conditions. |

The results of sporulation;by logafitﬁmié déxtrose grown
.ceils are shown in Table 3. Celis“grOWn in dextrose and harvested
“during the logarithmic phasé require a carbon source for sporulation.
0f the carbon sources used in the qurulgtion media, glycerol
supported best sporulation. In thejpreéence of.glycerol, spérulation
_.waé detected after. 24 hours incuﬁatibn-Bqth at pH 7 and pH 6.
Sporulation on ethanol.qr dextroseibegan considerably later. Rate
- of spordlatioﬁ in.the presence pf glycerol appearé to be greatér at

- pH_7'than.at pH 6.



Table 3.
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Sporulation-of'Cells’Grown in Dextrose
and Harvested During Log Phase.
Percentage of Asci
Spo;ziizion pH Hours in Sporulation Media
12 24 '36 48 60 72
0.57% -dextrose 7 0 0 3 10 '19 19
2% glycerol 7 0 23 48 49 - -
1% sodium acetate 7 o 0 0 o 0o 0
1% ethanol | 7 0. 0 0 4 5 5
{7 ‘ethdiiol and _ ‘ '
0.005% dextrose 7 0 0 4 4 23 38 39
0.005% dextrose | 7 0 0 0 0 0 0
' Phthalate buffer 7 0o o 0o 0o 0 0
2% glycerol 6 0o 12 37 58 58 -




Az
A trace of déxtfose adaedAto ethanol‘greétly enhanced
sporulétion’wheﬁ“éomparéd‘té either ethanol or dextrose. alone. The
trace of dextrose waé'édded since'it was shown by Croés (1967b) th%t

in Saccharomyces cerevisiae exposure to ethanol as the only carbon

source did not allow optimum sporglation° It was pointed out,
however, that a low concentration of glucose might stimulate activa-
tion of the respiratory enzymes. A possible explanation of my
results:is that the trace of dextrose stimulates activity,of'the
acetate oxidizing enzymes aﬁd that they are involved in sporulation.
It must be notea-that even though logatithﬁic phase cells of Nadsonia
were able to ogidize'ethanol (Table 2) they were unable to oxidize:'
acetate. Moreover, if'this’ékplépation is true then the rapid
sporulation on glycerol ﬁust_not be depéndent upon acetate qxidizingr
enzymes.

'With stationary~phasé-éells grown iﬁ dextrose (Table 4) the
extent of sporulation was generélly-better than with logarithmic
phase cells. 1In éontraét to results with logarithmic phase cells,

a trace amount of dextfoéeihad.ver§ iittle stimulatory effect on
sporulation of stationary_phése cells in ethanol. In the presence of
dextroée éporulation of stgtionafyiphase cells was considerably
greéter than sporulation of 1§garithmicvphase cells. The sporulation
péttern with glycerol was not greatly changéa. ,Sporulétion did not
occur in,phthalate.buffer iﬁbtﬁe aﬁggnééﬂof added‘caqun or in acetatevvv

-medium.w
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Tablé-4. Sporulation of Cells Grown in Dextrose
and- Harvéested During Stationary Phase.

Percentage of Asci

Sporulation

Media pH . Hours in'SporulationVMed%a

12 24 36 48 60

0.5% dextfose S 7 0 0 23 46 47

2% glycerol = 7 .0 27 -62 64 64

1% sodium acetate - 7 ‘ 0 0 'Q' 0 0

1% ethanol 7 o o 12 3 s
1% ethanol and . | : ‘ : :

0.005% dextrose 7 0. 0 14- 40 46

0.005% dextrose 7 0o o 0 o 0

Phthalate buffer _ o 7 0 0 0 0 0
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The results of sporulation of cells grbwn in ethanol are

"shown in Table 5.  The most striking characteristic of cells grown in
ethanol is their rapid sporulation in buffer alone not previously
observed. Sporulation was greatest in distilled water. vSpofulatibn.
was slightly inhibited by ﬁhthalate buffer'and by the addition of a
trace of dextrose. Addition of carbon sources such as dextrose, 0.5%;
glycerol, 2%; br ethanol, 17 deiaygd sporulation. HoweVer, théir
sporulationvpattern'with glycerol was'quite similar to that observed
with both logarithmic phase<énd statioﬁéry phase dextrose érown célls.
Spordlétion was slightly better at pH 6 than at pH 7 in both buffef
and glyéerél media. There was mno sporulation in acetate medium.

In order to determine the effeétévof_émino acids in the pre-
sporulation medium on sporulations~cells”Wéréigrown in basal'mediqm
contéihing,O,SZ déxtrose and 0.5% casein hyéfbi&Séﬁe.b.The spérulétiﬁn
batterns for logarithmié phaée cells are shown in Table 6, and the
.results for stationary phase cells.are shown in Table 7, in both
éases-a carbon source was required for sporulation. The unique
gharaéteriétic of these cells was that'sporuiation was better_in

A'O.SZ dextrose thaﬁ'in 27 glycer&l, This difference is most marked
with stationary phase (;'ells° As‘was préﬁiously observed (Tables 3
. and 4);ba trace of dextrose stimulated sporulation on ethénol by
logarithmic phase célls;to a gréater extent than with stationary
'pﬁase,cells; Invgeneral spdfulatioﬁ appeared eariier and to a
greater extent wi;h'stationary phase cells cdmpared to 1ogarithmic _

~phase célls'following growth in a complex medium.
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Table 5. Sporulation of Cells Grown in Ethanol
and Harvested During ‘Log Phase,

Percentage of Asci

Spo;zéizién pH Hours in Sporulation Media
12 24 36 48 60
| 0.5% dextrose ' 7 0 0 1 32 40
2% glycerol 7 | -0 19  -46 56 57
1% sodium acetate 7 _. 0 - 0 0 ‘0 .0
il% ethanol : 7 ’ 0 0 20 34 38
"TZ ethanoi and _ o
0.005% dextrose = 7 ' 0 0 18 33 38
0.005% dextrose 71 3 3% 37 -
Distilled water | - 5. 71 71 - -
'Phthalafé_buffer | 7 16 43 43 - -
Phthalate buffer 6 23 .48 48 . - -

2% glycerol 6 0 38 53 56 -




Table 6. Sporulation of Cells Grown in Complex

Medium and Harvested During Log Phase.

16

Percentage of Asci

Spoﬁzéizion pH - Hours in Sporulation Media

12 24 36 48 60

0b5%,dex£rose 7 0 0o 28 36 38

- 2% glycerol ;7 0 0 18 30 30

1% sodium acetate S 7 _ 0 .0 0 -0 0

1% ethanol ‘ 7 o o 8 23 - 34

1% ethanol and\ . )

0.005% dextrose - 7 0. 0 27 35 35

0.005% dextrose o 7 0 0o o 0 0
Phthalate buffer = | 7 - ,0- -0 o o0

Complex medium contained O 5% dextrose and 0.5% casein.

hydrolysate in addition to.the basal growth medlum.
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Table 7. Sporulation of Cells Grown in Complex Medium
and Harvested During Stationary Phase.’

' Percentage of Asci

Spo;zii;ion - pH Hours in Sporulation Media

12 24 36 48 60

0.5% dextrose 7 0 19 59 60 60

2% glycerol | 7 0 6 29 36 36

1% sodium acetate 7 0o o | 0 o 0

1% ethanol 7 0 2 23 32 32
—;“I%'éfhaﬁdl‘and . v

0.005% dextrose 7 0 5 27 35 . 35

o.o'o_si dextrose 7 0 0 0 0 0

Phthalate buffer : 7 0 4 4 4 -

*Complex_medium contained 0.5% dextrose and 0.5% casein
hydrolysate in addition to the basal growth medium. '
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The déta iﬁ Table 8 summarizes data presented in Tables 3, 4,
5, 6; and 7. Maximum percentages of asci observed within 60 hours
exposure of cells to sporplation conditions are shown. Sporﬁlation
of logarithmic phase dextrose grown cells in 0.5% dextrose was
significantly less than sporulation of dextrose grown stationary
phase cells in the same sporulation medium.

Logarithmic phase déxtrosé érown cells sporulate beét in
glycerol and efhanol plus a trace of dextrose. They sporulate to a
lesser degree in dextrose or ethanol. It is interesting tQAﬁote that
the presénce of 0.005% dextrose markedly stimulates‘sporulétion of'
these cells in ethanol. With the. exception of logarithmic phase
dextrose grown‘cells, ethanol supports good sporulatibn of ceils_
grown under other conditions.

Ethanol grown cells spofulated under all<conditions tested
with the exception of acetaté. Indeed, sporulation was observed to
occur in distilled water and buffer'alone.

It was expected that. the maximum percentages of sporuiatioﬁ
would_be greatest with.cells grown in complex medium éince the
availability ofrpreformed small molecules (amin§ acids) would allow
more energy to be stored in polymers such as glycogen or fat and then
be'utiliiéd during sporulation. »Howevef,‘this was not generally true.
Sporuigtiopﬂdid;_however, appear t6 progress at a'greater'rate with"_
cellé grown in complex mediﬁm tﬁan with dexfrésé grown cells in

sporulation media containing dextrose or ethanol.
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Table 8. Maximum Sporulation Observed within 60 Hours U51ng
Various Presporulation and Sporulatlon Conditions.

' . R
Presporulation Conditions

Sporulation Dextrose Ethanol - Complex’
Conditions . .
: : log' stat log log stat
0.5% dextrose pH 7 19 ’. 47 - 40 38 60
2% giycerol pHv7 , '49 64 . 57 30 36
1% sodium acetate ﬁH 7 0 - 0 A 0 - 0 0
© 1% ethanol pH ? ' 5 . 44 38 34 32
”IZ.ethandl and 0.005%
dextrose pH 7 ' 38 46 38 35 -35
0.005% dextrose pH 7 . 0 -0 37 o 0
Phthaiate‘buffer>pH 7 0 0 : 7 43 0 4
‘Phthalate buffer pH 6 - - 48 - -
»2%'leCerolipH:6 o 58 - 56 - | -
Distilléd water - = ) 7 = -

*CUmulative data from previous tables.

The abbreviation "log" is used to designate cells harvested
during logarithmic phase of growth. The abbreviation "stat". is used
to designate cells harvested from growth during the stationary phase.



DISCUSSION

It can readily be'seen that sporulation.patterns depend in
large part on prespofulation conditions. In general, cells harvested
during the stationary phase sporulate better tﬁan cells harvested
during the logarithmic_phése, and cells grown 'in ethanol Sporuiate
best of all. bThis-may be due to increasing ability to oxidize acetate.
'However, a.étrong correlation between respiratorypquotients andv
spofﬁlation was mot found. While the respiratory quotient for
élycerbl was low, sporulation on glycefpl-was rapid. and gbundant.

Stiﬁhlgtion of sporulation by a trace -of dextrose with
«ethanel appearé~t0vbe>related tQ'physiologicai'age. This stimula-
tion was greater with logarithmic phase cells than with stationary h
phase cells.. It'is likelf fhat the trace of dextrose stimulated
respiratory agtivity since logarithmiﬁvphase cells harvested from a
medium contaimiﬁgAdeXtrose were unable to oxidize acetate. Stationary-
phasé célls,_whiéh were able to oxidiée-acetaté; %ererexposed to a
low concentration of dextrose as the dextrose was.depieted from the
mediufn° |

The’ unavoidable question becomes: What is the role of the
acetate oxidizing.enzymes in sporulation? Threé possibilities are:

(1) tﬁey plaj_no role at all, (2) tﬁey.are neééséary for“ﬁtilizati§n
of a carbon source for energy énd metabolites-for.sporogengsis, or
(3)lthey are synthesized iﬁqidéntally.as S§orogenesis'progreéées..

20
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From the discussion above it would appear that the first

'prqposal is unlikély even though sporulation did not occur in media
containing acetate.

To further evaluate these proposals it seems important to
consider the time lag between placing the gells in sporulation media
and the appeararice of asci. This tiﬁé lag is considerable when
dextrose or ethanol is used as a carbon source in the sporulation
media. Perhéps the time'ié required for the acetate Qxidizing system
to become active. If.sc, then the shoftgtime lag when glycerol is
used would indicate that the utilization of glycerol for spbrulation
does not dépend ﬁpon an aétivé acetate oxidizingféystem. This
rationale Wéuld not necessarily ﬁreclude fhe second pr&posal.r The
ngcessity of tﬁe acetafe oxidizing enzymes'for éporulation_may
depenahupon the carbon source available. |

Rapid sporﬁlatiqn in thé absence of a carbon sourcé by celis

- grown in ethaﬁol wouid ndt preclude either the secoﬁd or third
proposals. These cells didrcarry thé acetate oxidizing system. Tﬁé )
energy and metabolites for sporoggﬁesis were apparently supplied
from within the.cells° Sporulation of ethanol grown cells was
inhibited by the addition of carbon soufces to the sporuiation medié;
hbwever, the résulting sporulation pattérns are not greatly different
from those of stétibnary phase'éells grown in dextrose,

| It thus éppe&rs’théé yeast cells are condiﬁioned fo; spofula—_
fion"bj incfeasedfrespiratory aétivity as‘dextrose_conceﬁtrations-aré-

reéduced and two carbon compounds are metabolized.



22

Sporﬁlation of Nadsonia fulvescens appears to differ

.physiologically from sporulation of Saccharomyces cerevisiae in two
major ways. The rapid and abundant sporulation in distilled water

that has been shown to occur with Nadsonia fulvescens has not been

reported for Saccharomyces cerevisiae. Moreover, while acetate

sporulation medium is widely used for Saccharomyces cerevisiae,

acetate is not used as a carbon source for sporulation by Nadsonia

fulvescens.



REFERENCES

Conway, E. J. 1962, Microdiffusion analysis and volumetric error.
5th ed. Crosby Lockwood and Son, London.

 Croes, A. F. 1967a.- Induction of meiosis in yeast. I. Timing of
cytological and biochemical events. Planta. 76: 209-226.

Croes, A, F. 1967b. Induction of meiosis in yeast. II. Metabolic
factors leading to meiosis. Planta. 76: 227-237.

Eaton, N. R., and Klein, H. P. 1954. The oxidation of glucose and

acetate by Saccharomyces cerevisiae. J. Bacteriol. 68:
110-116.

Esposito, M. S., Esposito, R. E., Arnaud, M., and Halvorson, H. O.
1969. "Acetate utilization and macromolecular synthesis '
during sporulation of yeast. J. Bacteriol. 100: 180-186.

Fowell, R. R. 1952. Sodium acetate agar as a sporulation medium
~for yeast. “Nature. 170: 578.

Miller, J. J. 1957. The metabolism of yeast sporulation. II.
Stimulation and inhibition by monosaccharides. Can. J.
. Microbiol. . 3: 81-90. : g

Miller, J. J. 1963. The metabolism of yeast sporulation. V. Stlmula—.
: tion and inhibition of sporulation and growth by nltrogen'
compounds. Can. J Microbiol. 9: 259-277.

Miller, J. J., Calvin, J., and Tremaine, J. H. 1955, A stﬁdy of
certain factors influencing sporulation of Saccharomyces
‘cerevisiae, Can,vJ Microbiol. 1: 560- 573

Polakis, E. S., and Bartly, W. 1965 Changes in the enzyme
activities of Saccharomyces cerevisiae during aerobic growth
on different carbon sources. Blochem° J. 97: 284 297, ’

Roth, R., and Halvorson, H. 0. 1969. Sporulatlon of yeast harvested'
during logarithmic growth. J. Bacterlol 98 - 831-832.

Umbreit, W. W., Burris, R. H., and Stauffer, J. F. 1957. Manometric;.
techniques. - 3rd ed. Burgess Publlshlng Co., Mlnneapollso--“

23



24

_ Wickefham, L. J. 1951. Taxonomy of yeasts. U. S. Dept. Agr. .
Tech. Bull. No. 1029, ‘

' Winge, O., and Roberts, C. 1958. Life history and cytology of
yeasts. 1In: The chemistry and biology of yeasts. Edited
by A. H. Cook. Academic Press Inc., New York.






